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,Q SODVPD WUDQVIHUUHG DUF 37$ FODGGLQJ WKH FRDWLQJ SRZGHU LV WUDQVSRUWHG E\ DQ LQHUW JDV VWUHDP LQWR WKH
SODVPDRIDQHOHFWULFDUFZKHUHLWLVPHOWHG0ROWHQSRZGHULVWKHQWUDQVIHUUHGWRWKHVXEVWUDWHE\DPDLQDUFDQGLV
ODLG GRZQ DV D WUDFN 7KH ZLGWK RI WKH WUDFN PD\ EH LQFUHDVHG E\ RVFLOODWLQJ WKH DUF DW DQ DQJOH WR WKH WUDYHO
GLUHFWLRQ$KLJKFODGWKLFNQHVVDQGDODUJHWUDFNZLGWKFDQEHSURGXFHGLQDVLQJOHSDVV7KHFODGLVKRPRJHQHRXV
DQGDVWURQJPHWDOOXUJLFDOERQGLVIRUPHGZLWKWKHVXEVWUDWH,QFRPSDULVRQZLWKODVHUFODGGLQJEHFDXVHWKHHQHUJ\
LQSXW LVKLJKHU WKH+HDW$IIHFWHG=RQH+$= LVPRUHH[WHQGHG WKHGLVWRUWLRQ LVJUHDWHUDQG WKHGLOXWLRQUDWH LV











2.1 Process Set-up 
7KHODVHUFODGGLQJKDVEHHQFDUULHGRXWE\D.:1G<$*ODVHU75803)+/'RSHUDWLQJLQFRQWLQXRXV
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7KHKLJKFKURPLXPKDUGIDFLQJDOOR\ZDVGHSRVHGRQWRVWDLQOHVVVWHHOSODWHVE\ERWKODVHUFODGGLQJDQGSODVPD
























686   E. Abouda et al. /  Physics Procedia  83 ( 2016 )  684 – 696 
2.2 Microstructural investigation 
6SHFLPHQVZHUHSUHSDUHGXVLQJDVWDQGDUGPHWDOORJUDSKLFSURFHGXUHE\KRWPRXQWLQJLQUHVLQJULQGLQJRQZDWHU

















2.3 Mechanical characterization 
2.3.1 Microhardness measurement 
0LFURKDUGQHVV YDULDWLRQ RI WKH FURVVVHFWLRQ IURP WKH OD\HU VXUIDFH WR WKH VXEVWUDWH ZDV PHDVXUHG XVLQJ D
9LFNHUV KDUGQHVV WHVWHU &/(0(; &07+' 7KH DSSOLHG ORDG ZDV D  1 DQG D GZHOO WLPH RI  V 7KH






$ JULG RI  î  LQGHQWV ZDV UHDOL]HG RYHU D VTXDUHG DUHD RI  î  ȝPð ZLWK D VSDFLQJ RI  ȝP DQG D
PD[LPXP LQGHQWDWLRQ GHSWK RI  QP &60 WHVWLQJ UHTXLUHG DERXW  K QDQRLQGHQWHU ZRUNLQJ WLPH HDFK
LQGHQWDWLRQODVWLQJDERXWPLQ
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2.3.2 Wear test 
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)LJXUHVKRZVWKH20PDFURSURILOHREWDLQHGRIDFODGGHGVSHFLPHQPDGHUHVSHFWLYHO\E\ODVHUFODGGLQJILJ























)LJXUH  VKRZVPLFURJUDSKV RI WKH W\SLFDO FODGGLQJPLFURVWUXFWXUH REWDLQHG XVLQJ/DVHU DQG 37$SURFHVVLQJ









UHPHOWLQJ DUHD LQWHUIDFH HWF7KH VHFRQGDU\ LQWHUGHQGULWLF VSDFH LQ ODVHU FODGGLQJ DQG37$ZHUH VKRZQ WREH
FRPSULVHGEHWZHHQPWRPDQGPWRPUHVSHFWLYHO\
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&UILJEDQG1LLQVROLGVROXWLRQ%XWWKHLQWHUGHQGULWLFVSDFHZHUHHQULFKHGZLWKKDUGHOHPHQWOLNHFKURPLXP
FDUELGHPRO\EGHQXPFDUELGHDQGRWKHUVHJUHJDWHGHOHPHQWVIURPWKHGHSRVLWHGDOOR\
)LJXUH  E DQG ILJXUH  F UHSUHVHQW WKH PDS GLVWULEXWLRQ RI FKURPLXP DQG PRO\EGHQXP LQ WKH GHQGULWLF
VWUXFWXUHRIDFODGPDGHE\ODVHUSURFHVVLQJ&KURPLXPDQGPRO\EGHQXPH[KLELWDQKRPRJHQHRXVGLVWULEXWLRQLQ




E DQG F &U& KDV DQ KFS KH[DJRQDO FORVH SDFNHG VWUXFWXUH ZLWK ODWWLFH SDUDPHWHUV RI D  QP DQG
F QP&U&KDVDFRPSOH[IDFHFHQWHUHGFXELFVWUXFWXUHZLWKDWRPVSHUXQLWFHOOZKLFKUHVXOWVLQLWV
ODUJH ODWWLFH SDUDPHWHU RI  QP DQG WKXV WKH ORZHVWPHOWLQJ WHPSHUDWXUH DV FRPSDUHGZLWK SXUH FKURPLXP
&&KDPSDJQH
,QWKHSURFHVVRIUDSLGGLUHFWLRQDOVROLGLILFDWLRQZLWKDQXOWUDKLJKWHPSHUDWXUHJUDGLHQWLWLVEHQHILFLDOWRREWDLQ
































































DQGI7KH('6OLQHVDQDO\VLVVKRZV WKHGHSWKRIGLOXWLRQRIVXEVWUDWH LQ WKHFODGZLWKDKLJKSUHFLVLRQ ,Q WKLV
VWXG\ WKH PDLQ HOHPHQWV FRQVLGHUHG WR HVWLPDWH GLOXWLRQ ZDV WKH 1LFNHO DQG WKH 6LOLFRQ ZKLFK VKRZ D KXJH
GLIIHUHQFHEHWZHHQVXEVWUDWHDQGGHSRVHGPDWHULDO,QWKHERXQGLQJVXUIDFHILJXUHHVKRZVDVXGGHQGHFUHDVHLQ




















































































































(%6' DQDO\VLV ZDV FDUULHG RXW DW WKH FHQWHU RI WKH FODG OD\HU FURVVVHFWLRQ IRU IXUWKHU XQGHUVWDQGLQJ RI WKH
PLFURVWUXFWXUH)LJ7KHFODGOD\HUVREWDLQHGE\ERWKSURFHVVHVRI37$DQGODVHUFODGGLQJZHUHIUHHRIFUDFNV
DQG WKHPLFURVWUXFWXUHZDVPRVWO\ FROXPQDU 7KH UHILQHPHQW RIPLFURVWUXFWXUHZDV REVHUYHG YLD WKH JUDLQ VL]H
GLVWULEXWLRQKLVWRJUDP0RUH WKDQRIJUDLQ VL]HVDUH UDQJLQJEHWZHHQDQGPILJD IRU WKH ODVHU
FODGVYHUVXVWRPILJEIRU37$VDPSOHV
7KHVH UHVXOWV FRQILUP ORZHU VROLGLILFDWLRQ UDWHV IRU 37$ WKDQ IRU ODVHU ZKLFK SURPRWH D PLFURVWUXFWXUDO
UHILQHPHQWLQWHUPVRIJUDLQVL]HDQGFHOOVSDFLQJ2FHOLNHWDO
3.2 Hardness 
0LFURKDUGQHVV LVDVLJQLILFDQW IHDWXUH WKDWFDQSURYLGHXVHIXO LQGLFDWLRQVFRQFHUQLQJPHFKDQLFDOSURSHUWLHVRI
WKH FRDWLQJV +DR HW DO   7KHPLFURKDUGQHVV SURILOHV DORQJ WKH GHSWK LQ WKH FURVVVHFWLRQRI WKH FRDWLQJV
PDGHE\ ODVHU DQG37$SURFHVVLQJ DUH VKRZQ LQ ILJXUH ,Q37$VSHFLPHQ WKHPLFURKDUGQHVVZDV VKRZQ WR
LQFUHDVH VOLJKWO\ EHWZHHQ WKH ILVUW OD\HU  +9 WR WKH VHFRQG RQH  +9 7KLV VXGGHQ YDULDWLRQ LV








































































7KHDXVWHQLWLFPDWUL[ )&&SKDVHRI WKHKLJKFKURPLXPFODG LVPDLQO\ LQFKDUJHRI LWV WRXJKQHVVZKLOH WKH
FDUELGHVLQWKHLQWHUGHQGULWLFUHJLRQDFWPDLQO\RQLWVKDUGQHVV7KHJOREDOKDUGQHVVRIWKHFODGGHSHQGVRQFDUELGH
SUHFLSLWDWLRQDPRXQWFDUELGHFRPSRVLWLRQDQGFRQVWLWXWLRQ7KHUHDUHWZRW\SHRI0&FDUELGHSULPDU\)H&U




HDFK SKDVH FDQ E\ DQDO\WLFDOO\ REWDLQHG IRU D PXOWLSKDVH PDWHULDO E\ ILWWLQJ WKH H[SHULPHQWDO IUHTXHQF\




SKDVHVDV UHSRUWHG LQ ILJXUH WKDWZHUH LGHQWLILHGDV LQWHUGHQGULWLFSKDVHDQGPDWUL[SKDVH)RU ODVHUDQG37$
VSHFLPHQDXVWHQLWLFPDWUL[SKDVHKDUGQHVVDUHUDQJLQJEHWZHHQ*3D+RZHYHUWKHLQWHUGHQGULWLFSKDVHUHDFK
D KDUGQHVV RI  *3D IRU 37$ VDPSOH DQG  *3D IRU ODVHU VDPSOH 7KHVH UHVXOWV GHSHQG RQ WKH VL]H RI WKH
QDQRLQGHQWDWLRQ  P )RU 37$ VSHFLPHQ WKH ZLGWK RI LQWHUGHQGULWLF SKDVH FDQ H[FHHG WKH VL]H RI WKH
QDQRLQGHQWDWLRQ PHDVXUHPHQW )RU WKDW UHDVRQ KDUGQHVV YDOXH RI LQWHUGHQGHQWULF SKDVH FDQ EH UHODWHG RQO\ WR
IRUPHGFDUELGH
























































3.3 Wear resistance 
7KH RSWLFDO LPDJHV ILJXUH  D DQG E VKRZ WKH ZHDU WUDFHV RI ERWK VDPSOHV 37$ DQG ODVHU 7DEOH 
UHSUHVHQWVWKHPDLQUHVXOWVRIWKHZHDUWHVWLQFOXGLQJWKHJURRYHGHSWKZHLJKWORVVDQGDYHUDJHIULFWLRQFRHIILFLHQW
























































































































































)LJXUH  DQG  VKRZ WKH GLIIHUHQFHV EHWZHHQ WKH WZRZHDUPHFKDQLVP WKDW DSSHDU LQ ERWK ODVHU DQG 37$
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